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Abstract 
Hardmetal matrix of high hardness and strength is required to produce high performance nanosized composite coating. Refining 
WC grain size can increase hardness and strength of hardmetal matrix simultaneously and is therefore the most useful routine of 
industrial practice. We have employed several grain growth retardants of different sizes and compared their effect on 
microstructure evolution of hardmetal matrix. High hardness and strength composite coating has been produced by using 
nanosized grain growth retardant agent(s). Our result(s) showed that the average grain size of WC is less than 0.3ȝm within the 
matrix. 
PACS: 81.05.Bx 
Keywords: Hardmetal; retardant; ultrafine 
1. Introduction 
Matrix of high hardness and strength is essential for making high performance nanosized composite coating. The 
requirement of high hardness and strength assures excellent support to the coating and prevents it from cracking and 
breaking. Refining WC grain size is one of the main methods to increase hardness and strength of hardmetal 
simultaneously. The grain size of the WC powders employed to make ultrafine hardmetal is then much finer than 
those of conventional ones. However, due to their huge surface to volume ratio, these ultrafine WC powders are 
highly reactive and tend to growth non-uniformly during sintering. How to control the grain growth of WC is 
therefore a crucial step of manufacturing. Addition of grain growth retardants is one effective method to prevent the 
non-uniform growth of WC powders. 
The amount and type of retardants to be used have showed significant effect on final grain size of WC powders. 
V8C7 and Cr3C2 powders are now the most widely used grain growth retardants. V8C7 and Cr3C2 can be dissolved 
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completely into the binder phase under sintering temperature. VC precipitates as nanosized (WV)C particles at 
cooling while Cr3C2 still remained inside the binder phase and segregated at WC and Co boundaries. The grain size 
of ultra-fine WC powders is generally under 0.5ȝm, while the size of V8C7 powders available commercially is in the 
range of 2-5ȝm. The inhomogeneous distribution of retardants is presented in the matrix due to their grain size 
difference. For example, the degree of dispersive of V8C7 powders of 0.05ȝm is eight times of that of 0.1ȝm, 64000 
times of 2.0ȝm and 216000 times of 3.0ȝm. It is thus assured that the size of retardants has a significant influence 
on microstructure and performance of the material. 
Nanosized V8C7 and Cr3C2 powders (average grain size < 60 nm) were produced by a combinative method of 
dissolving in organic acid first prior to spray drying and vacuum carbonization. The resulting powders are then used 
as the retardants to make the ultra-fine hardmetal matrix for high performance nanosized composite coating. With 
regard to those of normal retardants, we will verify the function of nanosized ones.  
2. Experimental procedures 
2.1. Retardants 
Characters of retardants commercially available (called normal ones) are listed in Table 1. 
Table 1. Parameters of normal retardants 
 
 Retardant Particle size (FSSS) Total carbon content 
 Cr C 1.9 Pm 13.14% 3 2
 V C 2.25Pm 17.86% 8 7
The features of our house-made nanosized powders prepared by the abovementioned method are the following: 
particle size of primary V8C7 powders is within 40-50 nm, while that of Cr3C2 is between 0.2-0.5ȝm. The average 
grain sizes of V8C7 and Cr3C2 powders are 26-27 nm and 20-60 nm respectively. The morphology of these 
nanosized retardants is showed in Fig. 1. 
  
Fig. 1 The morphology of nanosized retardants (a) V C  (500X), (b) Cr C  (500X), (c) V C  (20,000X) and  (d) Cr C  powders (20,000X) 8 7 2 3 8 7 3 2
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2.2. Samples preparation  
The composition of our ultra-fine hardmetal is listed in Table 2. 
Table 2 The composition of ultra-fine hardmetal 
Sample no WC (04 type)˄%˅ Co˄%˅ Retardant content (%) Retardant type 
#1  balance 9 1.0 normal 
#2  balance 9 1.0 nanosized 
Samples are prepared through normal powder metallurgy procedures including blending, milling, drying, 
molding, dewaxing, sintering etc. 
3. Experimental results and discussions 
3.1. Physical and mechanical properties 
The physical and chemical properties of tested samles are listed in Table 3. From Table 3 we found that sample 
2# with nanosized retardants shows much higher mechanical properties than those of sample 1#. 
Table 3 Physical and mechanical properties
Sample no. Hc˄kA/m˅ Hardness (HRA) Benching strength (MPa) Retardant 
#1 36 93.3 2620 normal 
#2 43 94.3 4430 nanosized 
3.2. Microstructure analysis 
3.2.1. Microstructure 
#Microstructures of two samples are showed in Fig. 2. From Fig. 2 we can see the microstructure of sample 2  is 
much more homogeneous than that of sample 1#. Note the large white areas presented in sample 1# disappeared in 
sample 2#. 
Fig. 2 Microstructure images (1500X) (a) sample 1# # and (b) sample 2
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3.2.2. Energy dispersion spectrum analysis 
Three areas marked as 1 (white), 2 (white) and 3 (matrix) in the microstructure image of Fig. 3 are investigated 
by energy dispersion spectrum analysis. The result is shown in Table 4. 
Fig. 3 The areas chosen for energy dispersion analysis 
The result of energy dispersion spectrum analysis showed that the amount of V in the white areas is one order of 
magnitude higher than that in matrix. For example, the mass fraction of V in region 1 is 6.45%, which is 10 times 
higher than the average in matrix. The mass fraction of V in white region 2 is 5 times higher than the normal. The 
existence of those V-riched areas indicated that V is a hard to diffuse element. 
Table 4 The result of energy dispersion spectrum analysis
Element˄wt%˅ Area Notice 
W V Cr 
1 91.48 6.45 1.26 white 
2 95.90 2.87 0.60 white 
3 98.84 0.31 0.42 matrix 
Polarization curves of hardmetals as a function of V content are presented in Fig. 4 with one containing zero 
percent of V while another of 0.5 wt% V. The Co content of both samples is the same of 10 wt% Co. From these 
curves we see clearly that the addition of V lowering corrosion current density. More precisely, the corrosion current 
density of V-contained sample is at least two orders of magnitude less than that of V-free sample in passivated 
region. We can then conclude that V-riched region must have much better corrosion resistance and as the result 
those areas containing V remain white under corrosive attack. 
Fig. 4 Polarization curves of hardmetals as a function of V content [5] 
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3.2.3. Distribution of elements 
#V distribution in samples 1  and 2# is shown in the top of Fig. 5. We can see the effect of nanosized retardant 
(sample 2#) where V is distributed more uniformly in the matrix compared to that of normal retardant used in sample 
1#. Similar trend is observable for Co too (see bottom of Fig. 5). 
# #Fig. 5 Distribution of V and Co at sample surface (a), (c) sample 1  and (b), (d) sample 2
VC particles dissolve and diffuse in Co phase at about 1200oC and partial of those dissolved V tend to precipitate 
at the surface of WV as (WV)C (Fig. 6 [3]). As coarse V8C7 grains disperse inhomogenously in the matrix, the 
amount of V in some areas is much higher than the rest. In this case, V will participate as (WV)C before it can be 
diffused homogenously and lead to segregation near the surface of WC grains. 
 
Fig. 6 TEM image of V distribution on the WC grains surface [3] 
3.3. Effect of retardants to inhibit inhomogeneous growth of WC grains 
The SEM images of samples after corrosion are showed in Fig. 7. Though the difference between average grain 
sizes measured by intercept method is small (0.30 Pm for sample 1# and 0.22Pm for 2#), their morphologies are 
differ significantly. In addition, the hardness and coercive force of sample 2# are much higher than those of sample 
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1#. All of these facts mentioned above prove that the effect of nanosized retardants is significant with compared to 
those of normal ones. Products developed according to the results of this work are widely used in Chinese markets. 
Fig. 7  SEM images of samples after corrosion(a) sample 1# # and (b) sample 2
4. Conclusions
The grain sizes of retardants have a significant effect on microstructure and performance of hardmetal of ultra-
fine grains. Nanosized retardants can be produced by a combative method of dissolving in organic acid first, 
followed by spray drying and vacuum carbonization. The nanosized retardants can inhibit grain growth and 
distribute more homogenously in the matrix. In conclusion, utilization of nanosized retardants can increase 
mechanical performance of the matrix and it is therefore an effective way to produce ultra-fine hardmetals with 
better properties.  
We have been succefully developed ultra-fine hardmetals products to serve wide Chinese markets. 
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